Elastic Wave Scattering from Griffith Cracks by Lewis, Kent et al.
ELASTIC WAVE SCATTERING FROM GRIFFITH CRACKS 
Kent Lewis 
Dale Fitting 
Laszlo Adler 
Dept. of Welding Engineering 
Ohio State University 
ABSTRACT 
To model elastic wave scattering from fatigue cracks in metals, studies were conducted of wave 
scattering from artificial cracks using ultrasonic spectroscopy. The cracks are of two dimensional 
planar strips oriented at various angles and embedded in diffusion bonded titanium alloy. The crack 
is assumed to behave as a Griffith crack and expressions (derived by Achenbach1) to describe diffracted 
field of elastic waves are used to analyze experimental results. 
THEORY 
A plane longitudinal wave is incident upon a 
Griffith crack of length 2d as shown on figure 1. 
Fig. 1 Coordinate system 
The a~plitude of the diffracted wave in the far 
field has been calculated by Achen~ach1 by ~sing 
an integral representation theorem as 
u~(r1J = Jdsj(r)Llui(r)Ti;,k(rLr) (1) 
where the integration is over the line segment 
that coincides with the undisturbed crack. In 
this representation the displacement discontinuity 
is given as 
and T· ~ are the i ,j stress components of the funda~~n~al singular solutions for an unbounded 
medium. With the assumption that the displace-
ments on the upper half-plane is approximately 
zero and at the lower half is similar to those 
corresponding to the reflection of plane waves, 
the displacement field is obtained. The result 
has been evaluated for a 500~ length Griffith 
crack in titanium alloy for an incident 10MHz 
longitudinal wave and for angle 80 =0. 
(2) 
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On figure 2, the diffracted amplitude's ang~lar 
distribution shows a symmetrical diffraction 
pattern. 
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Diffraction pattern of a 10MHz L-wave 
by a 500~m Griffith crack in Titanium 
EXPERIMENT 
Experimental System 
The present configuration of the ultrasonic 
spectroscopy data acquisition and processing is 
illustrated on figure 3. A fast rise-time pulser 
produces a high-voltage spike. This wide band 
electrical pulse excites an untuned highly damped 
ceramic transducer. The ultrasonic pulse which is 
produced contains a broad band of frequencies 
(figure 4). 
Fig. 3 Experimental system. 
Fig. 4 Transducer output A. Time domain 
B. Spectrum. 
Ultrasound scattered by the defect is received by 
either (1) the transmitting transducer (pulse-echo) 
or (2) a separate receiving transducer (pitch-
catch). A goniometer provides precise yet flexible 
positioning of the transducers for immersion test-
ing, The electrical pulse produced by the receiver 
is amplified by wide bandwidth gain stage. A step-
less gate is used to select a portion of the receiv-
ed signal for further .analysis. The receiver output 
as well as tne gated waveform i~ displayed on an 
osc ill i scope. 
The frequency content of the gated waveform 
is presented on an analog spectrum analyzer. The 
gated pulse may also be captured and stored 
through the use of one of two digital data acquisi-
tion systems. One system utilizes a high-speed 
transient recorder to store the signal amplitude 
at discrete times in its digital memory. A mini-
computer controls the acquisition of the ultrasonic 
pulse and then transfers the digitally represented 
signal from the recorder to the minicomputer memory. 
The information may also be permanently stored by 
recording. it onto a magnetic disk. The second 
data acquisition system is a microcomputer con-
trolled, high resolution, high sample rate, 
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equivalent time device with a 'real-time' spectral 
display. Sampled signal information is stored on 
magnetic tape. 
Processing of the ultrasonic signal (Fast 
Fourier Transformation, correlation and deconvolu-
tion) is performed on the minicomputer. A graphics 
terminal provides displays of the spectra and other 
pertinent information. 
SAMPLES 
The "Griffith" cracks are fabricated into a 
diffusion bonded titanium alloy by Rockwell Science 
Center. The length of the crack is 2388~m. Four 
cracks were obtained of the same length but with 
orientations of 0°, 30°, 60°, and goo relative to 
the surface of the sample. A schematic of the 
sample is shown on f'gure 5. 
GRIFFITH CRACK 
Fig. 5 Griffith crack inside a Titanium disk 
RESULTS 
Spectra at several scattered angles of a nor-
mally incident (to the surface of the sample) L-
wave are shown on figure 6. 
Fig. 6 Experimental amplitude spectra of scat-
tered L-waves at 150 intervals for an 
incident wave from the bottom. 
The Griffith crack is oriented 60° from the sur-
face of the sample. The scattered angles (meas-
ured in the titanium alloy) are in 15° intervals. 
There is an asymmetry in the spectrum because of 
the tilted cracks. For a crack where the plane 
is parallel with the sample surface the scattered 
spectra is symmetrical. Sending the wave from 
the top surface (rather than from the bottom 
surface as shown on figure 6) produces the scat-
tered spectra shown on figure 7. 
Fig. 7 Experimental amplitude spectra of 
scattered L-waves at 15° intervals for 
an incident wave from the top. 
The experimentally observed amplitude spec-
trum is compared to calculate values of the 
scattered amplitude as a function of frequency. 
On figure 8A, the orientation of the Griffith 
crack is shown. The pulse-echo R.F. signal is 
shown on figure 88. The experimentally obtained 
amplitude spectrum (by Fourier analyzing the time 
domain signal, figure 88) is compared favorably 
to the theoretical value of the amplitude spec-
trum (figure 8C). The comparison between theory 
and experiment is rather poor for the case when 
the wave scatters along the surface of the Gr1f-
fith crack (figure 9). Clearly, the theoretical 
calculation has to include surface wave generation 
in this case. The agreement between experiment 
and theory is reasonably good however, for the 
angular distribution of the scattered amplitude 
for a 10 MHz L-wave incident at 150° as shown on 
figure 10. Due to the goemetry of the sample 
only a limited number of data points were taken. 
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Fig. 8 A. Orientation of the Griffith crack. 
B. Scattered time domain signal. 
C. Comparison of experimental and 
theoretical amplitude spectra. 
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Fig. 9 A. Orientation of the Griffith crack. 
B. Scattered time domain signal. 
C. Comparison of experimental and 
theoretical amplitude spectrum. 
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Fig. 10 Comparison between experimental and 
theoretical angular diffraction patterns. 
